INTRODUCTION {#sec1-1}
============

Spine surgery presents a number of challenges to the anaesthesiologists. Adequate depth of anaesthesia is essential for maintaining intra operative haemodynamic stability and prevention of recall after wards. Dexmedetomidine is a highly selective α~2~- adrenoreceptor agonist, possessing hypnotic, sedative, anxiolytic, sympatholytic and analgesic properties without producing significant respiratory depression.\[[@ref1][@ref2]\] Various studies had found that dexmedetomidine decreases the requirement of thiopentone\[[@ref3][@ref4]\] and volatile anaesthetic agents in perioperative period.\[[@ref5][@ref6][@ref7]\] There is a paucity of clinical trials regarding the effect of dexmedetomidine on the requirement of propofol in maintaining adequate depth of anaesthesia with stable haemodynamic status perioperatively during the spine surgery. In view of the above observations, the present study was designed as randomised, double blinded, parallel group, placebo controlled and open-label manner to evaluate the effect of dexmedetomidine on propofol requirement for induction and maintenance of desired depth of anaesthesia on the basis of targeted bispectral index (BIS) value in spine surgery on prone patients under general anaesthesia.

METHODS {#sec1-2}
=======

After obtaining the Institutional Ethics Committee clearance and written informed consent from each patient, 70 adult patients of American Society of Anaesthesiologists (ASA) Grade I and II aged 20-60 years undergoing elective spinal surgeries under general anaesthesia were included in this study. Patients above 60 years, patients with a higher degree A-V block, obstructive sleep apnoea and morbid obesity and on the chronic opioid analgesic, tricyclic antidepressant, clonidine, mono amine oxidase-inhibitor therapy were excluded from the study.

Sample size estimation was performed using power and sample size calculation software (version 2.1.30, DuPont and Plummer February 2003). Assuming power of the study to be 90% and probability of Type 1 error to be 5%, a total of 69 patients were found to be required to detect a statistically significant difference of mean dose of propofol consumption. Hence, a total of 70 patients (*n*=70) were incorporated in the study and were distributed randomly into two study groups, Groups P and D, each consisting of an equal number of patients of 35 (*n*=35).

A computer generated randomisation table was used to assign each patient to a placebo group (Group P, *n*=35) or dexmedetomidine group (Group D, *n*=35). A pharmacologist and/or a nursing staff of the institution not involved in this study, prepared injectable solution of either dexmedetomidine (study solution) or 0.9% saline (control solution). The investigator also remained blind regarding the content of these solutions prepared for the patients. The study solution intended for patients of Group D was prepared by dissolving one ampoule of dexmedetomidine (containing 200 μg, in a concentration of 100 μg/ml) in normal saline to make a solution of 50 ml to yield a final concentration of 4 μg/ml. For patients of Group P solution containing only 50 ml 0.9% saline was prepared.

Fifteen minutes before induction of anaesthesia, patients of both groups received identical premedication of injection glycopyrrolate 0.2 mg intravenous (i.v.). At the same time, infusion of the study or control solution was started for patients of Group D or Group P respectively initially at a rate of 1.5 ml/kg/h over 10 min (i.e., loading dose of dexmedetomidine at 1 μg/kg over the period of 10 min), followed by infusion of 0.05 ml/kg/h (i.e., maintenance of dexmedetomidine at a rate of 0.2 μg/kg/h) according to the study protocol. During the period of infusion of study/control solutions heart rate (HR), saturation of peripheral oxygen, systolic blood pressure (SBP), diastolic blood pressure, mean arterial pressure (MAP), electrocardiogram and consciousness level were closely monitored in the patients.

Pre-oxygenation with 100% oxygen for 3 min was performed for all patients. Injection fentanyl 2 μg/kg body weight was given i.v. 3 min before induction. Induction of anaesthesia was started in all patients by injection propofol, slow i.v. until loss of response to verbal command. Anaesthesia was maintained with nitrous oxide (N~2~O) 66% in oxygen and injection propofol as a continuous infusion via a separate syringe pump. Propofol was started initially at 5 mg/kg/h and then adjusted to maintain a BIS value in the range of 40-60 and its requirement was observed and recorded in each patient. Endotracheal intubation was performed following adequate muscle relaxation with injection atracurium 0.5 mg/kg i.v. Relaxation was maintained with continuous infusion of atracurium at a rate of 0.25-0.5 mg/kg/h with constant neuromuscular (train-of-four response) monitoring. Injection tramadol 1.5 mg/kg i.v. was given 30 min after intubation to each patient. Standard fluid regimen was followed during the intraoperative period, with blood loss replaced with either crystalloid in 3:1 fashion or with colloid in 1:1 fashion.

Comparison of MAP and HR were done in two groups -- baseline (before receiving study/control solution -- MAP1, HR1), at pre-induction (after completion of study/control solution - MAP2, HR2), at induction (1 min after administration of induction agent - MAPi, HRi), after intubation (1 min after laryngoscopy and intubation - MAPi2, HRi2), at skin incision (1 min after giving skin incision - MAPs, HRs) and during the intraoperative period at 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110 and 120 min and after 1 min of extubation. Depth of anaesthesia was monitored with BIS™ monitoring (Aspect Medical Systems, Inc.).

Additional boluses of injection propofol 20 mg i.v. were administered whenever BIS value approaching towards target higher value of 60. Injection fentanyl i.v. was administered intermittently to maintain MAP and HR within 20% of their pre-induction values. Patients were observed throughout the surgeries for any significant bradycardia (HR\<45 bpm) and significant hypotension (MAP\<20% of pre- induction value or SBP\<90 mm of Hg). Bradycardia was scheduled to be treated with injection atropine 0.6 mg i.v. and significant hypotension was decided to be managed with vasoactive drugs.

At the end of surgery, N~2~O was discontinued after the appearance of spontaneous respiration. Residual neuromuscular blockade was reversed by injection neostigmine 0.05 mg/kg along with injection glycopyrrolate 0.01 mg/kg i.v.

All patients were shifted to post-anaesthetic care unit following adequate reversal with clear airway, adequate cough reflex and sustained head lifting for 5 s and train-of-four \>0.9.

Statistical analysis {#sec2-1}
--------------------

All raw data were subsequently entered into a Microsoft excel spread sheet and analysed using Microsoft excel 2003, statistical 6.0 and IBM SPSS software version 16.

Categorical data (e.g., sex distribution, ASA physical status) were analysed using the Pearson\'s Chi-square test with Yate\'s correction. Parametrical numerical data between groups were analysed using the Student\'s *t*-test. Within group variables at different time points were analysed using the Friedman\'s analysis of variance followed by Wilcoxon\'s matched -- pairs signed rank test for *post hoc* analysis. A *P*\<0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

In our study, patients in both groups (Groups P and D) were comparable in respect to demographic data such as age, sex, body weight and ASA physical status. There was no difference in the mean duration and sites of spinal surgery performed between the groups \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic characteristics of the patients in two groups
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Mean induction dose of propofol was found to be significantly lesser in Group D (mean 66.86±12.549 mg) when compared with Group P (mean 124±16.033 mg) \[[Table 2](#T2){ref-type="table"}\]. Mean maintenance dose of propofol in Group D was 155.00±40.584 mg and that in Group P was 405.57±67.767 mg \[[Table 2](#T2){ref-type="table"}\]. That is in patients of Group D, mean requirement of propofol for induction and maintenance of anaesthesia were 48.08% and 61.87% lesser respectively, than the mean requirement in patients of Group P. And regarding the total requirement of propofol, mean requirement in Group D (222.43±46.863 mg) was 57.99% lesser than the requirement in Group P (529.57±76.026 mg) \[[Table 2](#T2){ref-type="table"}\].

###### 

Induction, maintenance and total dose of propofol requirement characteristics in two groups
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MAP and HR were significantly decreased in Group D after administration of loading dose of dexmedetomidine. i.e., MAP2 and HR2 in Group D were significantly lower when compared with MAP1 (*P*\<0.001). Whereas the above two parameters in Group P were not different statistically. Pre-induction value of MAP and HR were compared with MAP and HR after induction, laryngoscopy and intubation and skin incision in the same group with Wilcoxon signed rank test. In both groups, MAP and HR declined significantly after induction with propofol. This haemodynamic perturbation was although significant statistically, was not of clinical significance. MAP and HR after laryngoscopy and intubation and after skin incision rose in both groups, but the rise was more in Group P \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].
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![Comparison of haemodynamic parameter (heart rate) at various points of time (pre-operative, pre-induction, 1 min after induction, 1 min after laryngoscopy and intubation and at skin incision](IJA-57-358-g004){#F2}

For comparison of intra operative haemodynamics, in both groups, MAP and HR at 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110 and 120 min and after extubation were compared individually with MAP2 and HR2 respectively (i.e., pre-induction value of MAP and HR) with Wilcoxon signed rank test. In both groups, though they were found to be different statistically at various points of times, they were considered clinically insignificant \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].
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None of the patients in both groups developed significant bradycardia and significant hypotension that required treatment any time during the study period.

DISCUSSION {#sec1-4}
==========

Maintenance of adequate depth of anaesthesia throughout the intraoperative period is vital to prevent intraoperative awareness, to maintain haemodynamic stability and to reduce intraoperative stress response. In spine surgery, patient\'s pre-existing autonomic instability might lead to increased intraoperative haemodynamic perturbation. Blunting of these autonomic responses by maintaining adequate depth of anaesthesia is of utmost importance. Moreover, prone position for spine surgery itself requires maintenance of adequate depth of anaesthesia to avoid haemodynamic and airway related complications.

Propofol is a suitable i.v. anaesthetic agent for induction and maintenance of anaesthesia during the spine surgery. Important advantage of propofol in general anaesthesia is the rapid emergence.\[[@ref8]\] Although known for its remarkable safety, various recent literatures based mainly on intensive care unit studies have raised questions regarding prolonged infusion of propofol. Recent evidences had also suggested about the potential for intraoperative complications even with short-term infusions.\[[@ref9][@ref10][@ref11][@ref12]\] Moreover, rapid recovery, the main advantage of propofol could be jeopardised following prolonged high dose infusion.\[[@ref13]\] Hence, the idea was to use propofol with another adjuvant having sedative properties that could reduce the requirement of propofol.

Dexmedetomidine, a novel α~2~ agonist with multifaceted beneficial actions such as sedative analgesic and anxiolytic properties, has been found to reduce anaesthetic drug requirements in the intraoperative period.\[[@ref14]\] Its sympatholytic effect had shown to decrease MAP and HR by reducing norepinephrine release. They had also shown to decrease BIS value in the intraoperative period when used as an adjuvant with other drugs given as continuous i.v. infusion.\[[@ref15]\]

Few of recently done studies have found definite role of dexmedetomidine in reducing dose requirement of propofol for induction and during maintenance of anaesthesia. The studies were done using mainly motor, sensory or autonomic responses for monitoring depth of anaesthesia.\[[@ref16][@ref17]\] However, one recent study where depth of anaesthesia was measured with responses to stimuli in children for short surgical procedures had found that dose response curve for propofol was not altered with concomitant use of dexmedetomidine.\[[@ref18]\] Our present study was designed primarily to find out the role of dexmedetomidine on propofol dose requirement, for induction as well as for maintenance of a desired depth of anaesthesia in spine surgery, which requires precise haemodynamic stability to avoid intraoperative blood loss. BIS monitoring was preferred to sensory or motor responses as it is a standard and Food and Drug Administration approved monitor for depth of anaesthesia in perioperative period and also more convenient for personnel and for the institutional operating theatre setup.

In our study, it was found that mean induction dose of propofol and mean dose requirement for maintenance were significantly lower in Group D patients (48.08%, 61.87% respectively) when compared with Group P patients. Total mean requirement of propofol, in Group D patients was found 57.99% lower than the requirement in Group P patients, which was also remained significant.

Most of the previous studies that had found positive adjuvant effect of dexmedetomidine did not consider haemodynamic status in their observations. Here in our study, although not a primary outcome measurement, haemodynamic changes during direct laryngoscopy aided intubation and following skin incision were found to be much higher in patients of Group P than Group D, which suggests a significant role of dexmedetomidine in preventing haemodynamic response to laryngoscopy as corroborated to the previous study.\[[@ref19]\] Intraoperative haemodynamic parameters were found to be similar in both groups. Although some data of intra group variables were found to be statistically significant, no clinical correlation in terms of treatment of adversities was faced in any point of time during study periods of these patients.

Limitations {#sec2-2}
-----------

BIS being the only mode of measuring depth of anaesthesia for the patients remained a limitation of the study. Use of N~2~O might confound the interpretation of BIS. Study may not be adequately powered to detect significant vvariation in haemodynamic parameters at various points of time in two groups. Comparison might be confounded as all kinds of spine procedures were enrolled for this study. A single kind of procedure at single spinal level would become more appropriate for comparison of data. And lastly, delayed recall in patients of either group was not interviewed as it was beyond the scope of the study protocol.

Future research directions {#sec2-3}
--------------------------

Future studies regarding the role of dexmedetomidine on propofol kinetics may be undertaken with total i.v. anaesthesia and target control closed loop propofol infusion that might be more precise regarding the current topic.

CONCLUSION {#sec1-5}
==========

In conclusion, infusion of dexmedetomidine in peri operative period significantly reduced the requirement of propofol for induction and maintenance of adequate depth of anaesthesia with stable haemodynamic parameters.
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